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INTRODUCTION 
The object of the thesis is to determine whether a complex ion 
is formed between cobalt in its +2 valence state and the selena-
cyanate ion, if such a complex ion is colored and if there is 
any analytical application of the ion. 
Analytically it is known that the cyanate ion (OCN- ) and the 
thiocyanate ion (SC~) both react with cobalt to produce a blue 
colored complex which varies directly in concentration with the 
amount of cobalt present . These complex ions have been used to 
determine quantitatively the amount of cobalt by means of colori-
metric procedures . Selenium is an element very similar to sulfur 
in its properties . It is known to form a selenocyanate ion (SeC~) 
similar to the thiocyanate (SC~) ion. Such a colored selena-
cyanate complex ion is to be prepared ~ the reaction of potassium 
selenocyanate and a cobalt salt; the properties of the resulting 
ion are to be studied especially those which would effect a colori-
metric procedure such as pH, decomposition, stability in air, 
solubility in various solvents, etc . If the formation of the 
colored cobalt selenocyanate complex is established, interferences 
in the color formation are to be determined and finally analytical 
applications of ion studied. 
HISTORICAL 
REACTION OF COBALT WITH VARIOUS CYANATE IONS 
It is known that cobaltous ions in the presence of cyanate form 
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( ) • (1) A bright blue color owing to the formation of Co OCN 4 • 
This color is formed in aqueous solution. However, the compound 
is partially dissociated in water, but is stable in alcohol or 
acetone. This blue color formation may be used as a qualitative 
identification of cobalt. 
If the cyanate ion is replaced by thiocyanate in aqueous solution 
the Co(SCN)•4 is so completely dissociated that no color is observed. 
The addition of acetone or alcohol to form a 50% solution develops 
a blue colorC2, 3). A quantitative colorimetric procedure is 
frequently employed using this colored ion formation for analytical 
determination of cobalt. 
SELENOCYANATE COMPLEX FORMATION 
The complex ion formation of selenocyanate with metals is greatly 
limited due to the instabili~ of potassium selenocyanate (or aqy 
selenocyanate salt). Potassium selenocyanate is found to decompose 
at a pH of 4.0 producing precipitate of red selenium and potassium 
cyanide. This eliminates consideration of those metals which normally 
form complex ions with thiocyanate or cyanate in acid solutions. A 
specific example is that of iron thiocyanate complex. Used coiiDD.only 
analytically, it can have no selenocyanate counter part as the iron 
hydroxide precipitates until the solution is more acid ~~an a pH 
of 4. Below this the selenocyanate decomposes. This is also true 
of molybdenum and tungsten thiocyanate color formation. 
The colored complex of cabal t is obtained with thiocyanate and 
cyanate in a neutral solution so selenocyanate could be applied 
in this case . Cobaltous ion in presence of an aqueous solution 
of potassium selenocyanate produced no color or complex ion 
(as indicated by a complete sweep of the wavelengths of spectrum 
from 2500-7000A0 on Beckman Spectrophotometer) . However, as 
in the case of thiocyanate, in an acetone or alcohol solution 
an azure blue color is developed similar to the color produced 
with other cyanates . 
REAGENTS 
PREPARATION OF POTASSIUM SELENOCYANATE 
In an effort to have the starting rna terial of the highest purity, 
all potassium selenocyanate was synthesized although commercial 
preparation is available(4). The potassium selenocyanate(5) was 
prepared as follows: 
A mixture of 105 grams of potassium cyanide (95% chemically pure) 
and 120 grams connnercial gray selenium is melted in a porcelain 
evaporating dish at a temperature of 150°C on a hotplate. The 
melt is stirred until all selenium is dissolved . The melt remains 
a gray color at this point . It is allowed to cool slowly with 
constant stirring so that a hard cake type solidification is not 
obtained. When cool the melt is quickly crushed to a fine powder 
by a porcelain mortar and pestle and dissolved immediately in 
hot acetone (about 1500 milliliters necessary) to prevent decomposi-
tion of the selenocyanate . Some references in literature suggest 
use of ethyl or methyl alcohol as the solvent . Later work(6, 7) 
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indicates acetone is the better solvent as the alcohols react 
with the selenocyanates to form the volatile alkyl selenides 
Which do not allow production of the odorless potassium 
selenocyanate as does the acetone solvent. 
The acetone solution was placed in a heated cone and the tempera-
ture controlled at SOOC. A stream of carbon dioxide from a dry 
ice generator is passed through the solution. This procedure 
is carried on for two hours. This treatment permits the removal 
of all alkali hydroxides as the insoluble carbonates. At the 
end of the two hour period the solution was filtered through 
a Buchner funnel to remove slime and washed with warm acetone 
filtrate. The acetone was then distilled to one half of its 
original volume. The residual acetone was permitted to cool 
in a beaker. On cooling, the colorless needle crystals of 
potassium selenocyanate separated out. The crystals were :filtered 
off and washed several times with anhydrous ether and transferred 
quickly to a vacuum desiccator where the final traces of ether 
are removed. The residual acetone is further boiled down to 
obtain more potassium selenocyanate. In the last steps of 
crystallization, it was necessary to boil alcohol with decolorizing 
charcoal as the liquid had become colored. A total of 200 grams 
of crystals were obtained or about 89% yield. 

Summary of Analytical Results 
Theoretical 
Potassium 
Selenium 54.8 
Cyanide 18 .1 
Found* 
25 .7 
26 .0 
6 
25 .9 (av . ) 
54.00 
53 .98 
53 .96 
':53":98 ( av • ) 
17 .79 
17 .54 
rr:67 (av . ) 
* The results are all lower than theoretical but this is due 
to the hydroscopic nature of the salt . 
EXPERIMENTAL 
Rough qualitative tests, made at first, indicated that a blue 
colored complex is formed by reaction of cobalt and seleno~anate 
in an acetone-water solution. No color was observed in an aqueous 
solution. It was obvious from the tests that both the concentra-
tion of selenocyanate and acetone were critical . 
EFFECT OF SELENOCYANATE CONCENTRATION ON COLOR 
Table I and Figure I indicate effect of seleno~anate on the 
color concentration. The solutions observed were prepared when 
five milliliters of aqueous cobaltous chloride (1 mg . cobalt/ml. H20) 
solution was added to varying amounts of 1% potassium seleno~anate 
in acetone . The volume in each case was made up to 50 milliliters 
with acetone . 
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TABLE I 
Amount KSe Molar Ratio % Transmission 
{milliliters KSeCNLCo 
1 .82 95.0 
2 1.64 87.0 
3 2.46 83.0 
5 4.10 69.0 
10 8.2 56.0 
20 16.4 45.0 
45 36.9 41.0 
After 20 ml. of 1% solution or about 4% by weight of potassium 
seleno~anate is added, the change of color intensity with seleno-
c.yanate concentration is so slight that one can work quantitatively 
without difficulty at this concentration if the same amount of 
seleno~anate is added to both unknowns and standards. 
EFFECT OF ACETONE ON DEVELOPMENT OF THE BLUE COLOR 
Amount Water 
Added 
0 
1 
2 
4 
6 
9 
14 
TABLE II 
% Transmission 
20.0 
23.0 
25.0 
29.0 
45.0 
75.0 
89.0 
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Varying amounts of water were added to a solution containing 
the 1 ml. of aqueous cobaltous chloride solution, 20 ml. of 1% 
potassium selenocyanide, and volume made to 50 ml. with acetone. 
From data, indications are that cobaltous selenocyanate ion 
is much more highly dissocated than its similar complex ions 
(Co(SCN)•4 or Co(OCN)4)•. The color intensity of the complex 
permits no more than 5% qy volume of water in the acetone 
medium. 
It is interesting to note that other organic solvents were not 
nearly as valuable as acetone in producing the complex formation. 
Ethyl and methyl alcohol produce the color if 99% by volume of 
the medium is alcohol. Isopropyl alcohol is somewhat better 
but still not as effective as acetone in producing undissociated 
complex ion. Dioxane has no effect. 
Cobaltous thiocyanate may be extracted "With amyl alcohol and 
color concentration in the amyl alcohol determined. Ey this 
method cobalt may be isolated from interfering colored ions. 
The cobaltous selenocyanate does not have this proper~ in 
that it is unaffected by attempted extractions with amyl alcohol, 
benzene, ether petroleum, ether or carbon tetra chloride. 
SPECTRAL TRANSMITTANCE CHARACTERISTICS 
After the optimum conditions for color formation as to selenocyanate 
and acetone concentrations are realized, a standard solution of 
9 
Co(SeCN)•4 was prepared and spectral transmittance curve made. The 
solution used was prepared as follows: 
A 1 ml. aliquot of cabal tous chloride containing .0019 grams 
cabal t was transferred to a 50 ml. volumetric flask. To this 
20 ml. of 1% potassium selenocyanate was added and the result-
ing solution was made up to 50 milliliters with acetone. The 
transmittance spectrum was determined on the Beckman DU Spectro-
photometer using an acetone blank between the wavelengths of 
380 and 720 mr• The results given in Figure III indicates 
point of maximum absorbtion at 630 mr· 
Plotted on the same figure are the spectral transmittance 
characteristic curves of blue cobalt complex of cyanate ion 
and thiocyanate. It will be noted that all three curves are 
very similar. In each case point of maximum absorbtion is at 
ADHERENCE TO BEERS LAW 
After the conditions for formation of cabal tous selenocyanate 
ion have been established (i.e. concentration of selenocyanate 
ion, amount of acetone necessary, point of maximum absorption 
and the pH of the overall solution) J A study was made of its 
color variation with cobalt concentration, i.e. its conforming 
with Beer-Lambert Law. 
I/Io = lo-Kcl 
Io • intensity of incident light beam 
I .. intensity of tr&nBmitted light beam 
K* • A constant 
c ~ concentration of colored substance 
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1 • depth of solution traversed by the light 
* When c is on molar basis and 1 is measured in em, K is the 
extinction coefficient. 
To establish this, varying amounts of standard cobalt solution 
(.5000 gram CoCl2.6H20 in 100 ml. H20 or .0019 g. Co/ml.) were 
added to acetone-selenoqyanate solution and the resulting color 
measured in the spectrophotometer at 630 mr wavelength. 
TABLE III 
Co/ml % Transmittance Optical Density* 
.004 mg/ml 83.9 .075 
.008 66.0 .1566 
.012 52.0 .2768 
.016 42.0 
.370 
.020 32.0 
.495 
.040 10.0 1.000 
*Optical density is defined as 1ogari thm of the ratio of intensity 
of incident light beam over intensity of transmitted light beam. 
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It is found the structure of the final blue color cobaltous 
thiocyanate is due _to the complex Co (SCN)4•(9). This complex 
is formed when there is considerable excess of thiocyanate ion 
present. The mechanism of this reaction has been found to be 
as follows: 
(Co(H2o)3SCN)• --r Co(H20) 2 (SCN)2~--~o(H20)SCN)3•~ Co(SCN)4• 
The presence of a high concentration of acetone decreases the 
amount of excess thiocyanate required to produce this final ion. 
Previous investigators(lO, 11) obtained this complex formation 
mechanism_from preparation of double salts, absorption spectra 
of potassium co bal. tous thiocyanate, and study of complex metallic 
thiocyanates. 
In an analagous manner the structure of the selenocyanate cobalt 
complex may be proposed. It is seen that the extinction coefficient 
curves (Figure III) are essentially the same for the selenocyanate, 
thiocyanate, and cyanate complex indicating strongly that their 
structures are similar if not identical. 
As further identification of the similarit,y between thiocyanate 
and selenocyanate ions, pyridine was added to solutions o£ cobalt 
selenocyanate and thiocyanate. In the caBe o£ the thiocyanate, 
a pink precipitate of oobaltous thiocyano pyridine was pricipitated. 
This compound is of constant composition and can be used as a 
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quantitative test for cobalt or thiocyanate(l2). A very 
similar precipitate appeared with the selenocyanate with the 
exception that it was not as air and heat stable as was its 
thiocyanate counterpart. This compound was found to have 
10.2% cobalt and 27.0% selenium (theoretical 10.06 cobalt and 
26.9.5 selenium). These analyses check with the formula 
(Co(Py)4(SeCN) 2 for the compound or a similar structure to 
that of the thiocyanate salt. To establish conclusively the 
similarity of the structures of two salts comparative x-ray 
powder diffraction patterns were made. Measurement of the 
lines (Table IV) prove a striking similarity between the two 
as do the pictures themselves (Figure V) . 
In view of the striking similarity between spectral curves 
of the blue cobaltous thiocyanate and selenocyanate curves 
and the crystal identity of the pyridine salts, it seems that 
selenocyanate ion reacts in a similar manner to the thiocyanate 
so quite probably the structure of their blue cobaltous ions 
are similar. It is proposed that structure of cabal taus selena-
cyanate is Co(SeCN)-4. 
ANALYTICAL APPLICATION OF COBALT SELENOCYANATE COMPLEX ION 
To determine whether the selenocyanate colorimetric procedure can 
be applied for the quantitative determination of cobalt, a series 
of chemically pure cabal t salts were analyzed by the new method 
and by two established methods of cabal t analyses. One method 
was the electrolytic deposition(l)) of cobalt from a strongly 
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TABlE IV 
Cobalt Cobalt 
Thio~anotyridin 
(CoPy4) SCN)2 
Se1enoSlanopy)'idine 
(CoPy4{SeCN 2 
I d I d 
- m- '8:94 
s 8.L3 W+ 8.51 
vw 7.90 
M 7.29 M 7.25 
M 6.89 w 6.89 
vw 6.69 
w- 6.54 
w 5.97 vvw 6.05 
w 5.49 w 5.54 
vvw 5.26 
vw 5.11 
w 4.86 w- 4.90 
vvw 4.67 vvw 4.71 
M 4.47 s 4.54 
M 4.39 vw 4.42 
vvw 4.25 
M 4.07 M + 4.15 
W+ 3.98 M + 3.98 
M + 3.88 s 3.88 
w 3.83 
M 3.61 M+ 3.65 
vvw 3.51 vvw 3.54 
w 3.41 W+ 3.43 
vw 3.28 w- 3-33 
w 3.16 VVW) 3.20 
vvw 3.10 vvw)B 3.11 
w 3.03 w 3.00 
vvw 2.95 vw 2.92 
W+ 2.91 w 2.89 
VVWB 2.76 vvw 2.82 
w 2.70 W+ 2.73 
w- 2.65 w- 2.65 
w- 2.59 W+ 2.58 
W+ 2.53 vw 2.54 
vvw 2.48 vvw 2.46 
w 2.43 vw 2.42 
w 2.32 w 2.35 
vw 2.30 
vvw 2.24 vw 2.21 
w- 2 20 w- 2.18 
vvw 2.15 w 2.12 
w 2.10 w- 2.07 
w 2.04 vvw 2.02 
w- 1.98 w- 1.99 
I - Intensity of line S • Strong VW • Very Weak 
d - Interplanear distance M • Medium VVW • Very very weak 
of atoms W "'Weak 
ammoniacal solution containing sulfate ion. The solution is 
electrolyzed for 6 hours at current density of about 0.2 ampere 
per dm2 using platinum gauze electrodes. The electrode was 
washed dried at lOOOC. and weighed. Percent cobalt is determined 
directly in this manner. 
In an effort to establish comparabilit,y of the colorimetric pro-
cedure with another colorimetric procedure and a procedure which 
uses smaller amounts of cobalt than electrolytic method, the 
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salts were analyzed by means of thiocyanate method(l4). The results 
of all analyses m~ be summarized: 
TABLE V 
% Cobalt 
Compound Theoretical Electrolytic (scr> (SeeN-) 
23.5 23.1 23.5 
Cobaltous Acetate 23 . 8 23.5 23.0 
Co(C2H302)2.4H20 23.7 23.4 23.4 
23.7 23.6 (av) 23.4 (av)23.3 (av) 
24.4 24.8 24.0 
Cobal tous Chloride 24.6 24.2 24.9 
CoCl2.6H20 24.5 24.8 25.0 
24.8 "'24.3 (av) '24.0 ( av) 24.7 ( av) 
20.4 20.3 19.2 
Cobaltous Nitrate 20.1 20.1 20.0 
Co(N03)2.6H20 20.1 19.5 20.1 20.2 "20:2 (a v) 20.0 (av} 19.8 (av) 
34.1 33.6 33.0 
Co bal tous Sulfate 34.0 33.9 34.0 
CoS04.H20 34.2 33.9 33.8 
34.0 34.1 (av) 33.8 (av} 33.8 (av) 
All analytical values are average value of three determinations. 
It will be noted that electrolytic results check quite closely 
with theoretical values. The cobal tous chloride result is 
slightly low. This could be due to the fact that chloride ion 
hinders the deposition of cobalt to a certain extent. The colori-
metric procedures check more closely with theoretical in case of 
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chloride. The colorimetric procedures a1 so check very well 
between themselves. However, they are in general lower than 
theoretical. The fact that the solution finally measured is 
a very dilute solution may lead to this error. In general 
the methods seem to give quite comparable results. 
A Bureau of Standards sample of steel was analyzed for cobalt. 
The sample was dissolved in hydrochloric acid and iron mainly 
extracted by ether. The solution was neutralized with sodium 
hydroxide and filtered. Great care was taken to keep volume 
of solution extremely low. The cobalt was then determined by 
means of selenocyanate complex. 
Milligrams Cobalt 
Taken Found 
NBS #121A .06) 
.08) .07 Av • 
• 07) 
The results are slightly low probably due to loss of some cobalt 
in the separation precipitations. 
CONCLUSION 
Cobaltous ion in the presence of about 5% by weight of potassium 
selenocyanide and 95% acetone forms a complex ion colored blue. 
This ion is very similar to that formed by cobalt and either 
thiocyanate and cyanate ion. Spectral absorption curves and 
study of salt formation indicate structure of ion is (Co{SCN)4·· 
This color may be used as a quantitative measure of the amount 
of cobalt by means of colorimetric analysis. 
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